Neutron scattering (NS) is a "big science" discipline whose research spans over a wide spectrum of fields, from fundamental or basic science to technological applications. The objective of this paper is to track the evolution of Spanish research in NS from a bibliometric perspective and to place it in the international context. Scientific publications of Spanish authors included in the Web of Science (WoS 1970(WoS -2006 are analysed with respect to five relevant dimensions: volume of research output, impact, disciplinary diversity, structural field features and internationalisation. NS emerges as a highly internationalised fast-growing field whose research is firmly rooted in Physics, Chemistry and Engineering, but with applications in a wide range of fields. International collaboration links -present in around 70% of the documents-and national links have largely contributed to mould the existing structure of research in the area, which evolves around major neutron scattering facilities abroad. The construction of a new European neutron source (ESS) would contribute to the consolidation of the field within the EU, since it will strengthen research and improve current activity.
Introduction
Neutron scattering techniques (NS) are based in the interaction between a beam of neutrons with matter, which gives accurate information about the structure and dynamics at the microscopic length-scale. Although neutron techniques have been under development for decades now, the most dramatic breakthroughs are quite recent, as a result of the introduction of ever more intense neutron sources and advanced instruments (spectrometers and diffractometers), together with a substantial enhancement of the efficiency of detectors. As a token of this field's import we can mention that Clifford Shull and Bertran Brockhouse were awarded the Nobel Prize for Physics in 1994 for their pioneering work in developing neutron techniques to determine the structure and dynamics of materials at the molecular level. The scope of these techniques is multidisciplinary, due to their applications in a wide spectrum of fields, such as chemistry, physics and materials science, but also in biology or medicine, since these techniques can be used for the study of biological processes at cellular or molecular level. Research in neutron scattering presents some features typical of "big science", because specific large facilities (either nuclear reactors or spallation neutron sources), which exist only in a limited number of countries due to their technologically complex and costly nature, are required.
The objective of this study is to analyse the development of NS research in Spain through the scientific publications of Spanish scientists in the Web of Science (WoS) international database over the 1970-2006 period. Assuming that scientific publications are an essential output of the research process, bibliometric indicators are widely used for supporting science policy makers and research managers as well as for the study of science. The obtention of in-depth knowledge on the current status of neutron-related research in Spain is especially relevant and timely at present; since Spain is one of the countries that has applied to host the European Spallation Source (ESS) in Bilbao (Basque Country).
In the last decades, Europe has been on the forefront of NS research thanks to its powerful neutron sources (including, inter alia, ILL and LLB in France, ISIS in the United Kingdom, HMI and FRM II in Germany, and SINQ in Switzerland). Nevertheless, there is an increasing demand from the European scientific community for using NS facilities, even though the number of neutron sources in Europe will decrease in the future due to the aging of existing reactors. Moreover, a third generation of spallation neutron sources is on the pipeline and will be operational soon: SNS (Oak Ridge) in the United States, and JSNS (J-PARK centre) in Japan. Hence, Europe has to improve its structure to maintain its global leading status. To meet this challenge, the European Spallation Source (ESS) project was launched with the aim of building a new neutron facility in Europe. The ESS will largely boost the development of research in the area, and will act as a "driving force" for progress in numerous technological applications across a variety of industries including the pharmaceutical, automotive, aeronautic or electronic sectors. It is expected to have both direct and indirect impacts on the development of new technologies as well as in the design and fabrication of new materials with enhanced properties. Spain, together with Sweden and Hungary, has applied to host this new facility.
A series of questions emerge when we turn to analyse the development of research in a given country: how large is the scientific community working on the subject? Who are the main actors involved? Is the discipline in its initial stage of development or does it present signs of consolidation? Is the discipline self-centred or is it open to other thematic areas? Do scientists show signs of integration in the international scientific community? Which is the contribution of the country to the world research output in the subject? This article provides a bibliometric perspective of NS research in Spain, as part of a study recently commissioned by the Spanish Society for Neutron Scattering Techniques (SETN) (Sociedad Española de Técnicas Neutrónicas) 1 to increase available knowledge about the state of development of the discipline and to support research management decisions. It will complement other studies which analyse the field from different perspectives (i.e. socioeconomic or historical points of view 2, 3 )
Methodology
This study uses the Web of Science database (WoS) as source of information. This multidisciplinary database includes more than 9,300 scientific journals selected following criteria of scientific and formal quality. The scientific production of Spain in neutron scattering during 1970-2006 was identified by searching the lexeme "neutron*" in the title, keywords or abstract fields and "Spain" in the address of the documents. The downloaded documents were reviewed by a group of experts of the SETN to check the relevance of said documents and remove non-relevant retrievals (for example, those related to "neutron stars" or "neutron irradiation").
The analysis of these scientific publications of international scope provides an interesting picture of Spanish research in neutron scattering over the last 4 decades. In order to track the evolution and current development state of the discipline, we focus on a number of different aspects: quantitative evolution of research output, impact measures, disciplinary diversity, structural features and  Relative Impact Factor (RIF). This indicator compares the mean Journal Impact Factor of a specific unit of analysis (in this case, the set of Spanish NS documents in each subject category) with the mean Journal Impact Factor of a reference unit (In this study, total Spanish documents in each subject category in the period of study)
 Relative Citation Rate 6 . This indicator compares the mean number of citations of a specific unit of analysis (in this case, the set of Spanish NS documents in each subject category) with the mean of its publication journal, in order to determine if the unit of analysis' scientific performance is more visible than its journals of publication.
 Relative Rate Cited Document. It compares the percentage of cited documents of a specific unit of analysis (in this case, the set of NS documents in each subject category)
with the corresponding value of a reference unit (in this study, the set of Spanish documents in each subject category in the period of study).
c) Disciplinary diversity/Openness of the discipline.
Changes in the thematic profile of research on NS are studied by means of the distribution of papers by JCR subfields, which consist of more than 220 subfields arranged for the purposes of this study into eight large areas (see Gómez et al. 1 ). Our purpose is to assess the propensity to use NS in an increasing number of research areas over the years through  Total, national and international collaboration rates.
 Co-authorship index or number of authors per document.
 Collaboration networks through social network analysis (NetDraw software).
a The 1997 JCR was used for documents published before 1997, since annual JCRs were not available before that year. 
Results
During the 1970-2006 period, the scientific production of Spain on neutron scattering amounts to 1,687 documents with at least one Spanish institution in the address and 435 documents by Spanish scientists working abroad. The production of Spanish researchers working abroad amounts to nearly 20% of the total production during the entire period. More than 96% of the documents are original articles, while reviews represent 2% of the total. The citable items (articles, reviews and notes) constitute 99% of the documents in the entire period (1,668 citable items) and
English is the prevailing language, used in 99% of the documents.
An important concentration of production in a few regions is observed, since Madrid, Catalonia and the Basque Country are responsible of 75% of the publications. On the other hand, the specialisation of three regions (the Basque Country, Aragón and Cantabria) on the topic is striking, since their relative contribution to the discipline is 2 to 4 times higher than that of the total Spanish output. As regards institutional sectors, the highest contribution corresponds to Universities (69%), followed by the Spanish National Research Council (CSIC) (36%), being CSIC and CSICUniversity joint centres those showing a higher specialisation in the discipline (see appendix for a breakdown of papers by regions and institutional sectors). A high concentration of research and resources within a few specialised centres was also described in other studies on "big science" areas 8 and it has been related with the capital-intensive character of the research in the topic.
a) Quantitative evolution of research output and main actors
The first document dates from 1977. Until 1990, the production is very irregular and occasional (33 documents by scientists in Spain and 24 from Spanish scientists abroad), while from 1991 onwards it follows an almost linear growth in the number of documents (see Figure 1a) . The fact that more than 57% of the production of the whole period has been made in the most recent seven years (between 2000 and 2006) is a sign of the important growth of the discipline.
The growth-rate of Spanish publications in neutron scattering is higher than that of the total Spanish production included in the WoS (Figure 1b 
Main actors: authors
The number of active authors in the field increases from 417 in 1991-1994 to 1,552 in [2003] [2004] [2005] [2006] (a four-fold increase). This growth is higher than that observed for the number of documents (a three-fold increase). However, nearly 65% of these researchers are occasional authors or, in other words, they participate as authors of only one document during the whole period, being this percentage consistent with that described in other areas 9 .
On the other end of the spectrum we identify a core of 10-14% highly productive scientists, who appear in more than one document per year. Table 1 shows the distribution of authors in three classes by level of productivity: occasional authors, regular authors and highly productive ones. A consistent growth in the population of active authors has been observed over the years, the highest increase corresponding to occasional authors and the lowest to highly productive ones. It is necessary to take into account that both Spanish scientists and foreign collaborators are included in this analysis. 
b) Impact indicators
An upward trend is observed in the prestige of publication journals and in the number of citations received by the documents over the years. The annual evolution of the percentage of documents published in first-quartile journals (Q1) is shown in table 2. A tendency to publish in journals with higher impact is observed. Thus, nearly 80% of the articles published in the recent years appeared in Q1-journals. Which is the more convenient window for collecting citations in this discipline? A short citation window favours fast-aging disciplines with high cited half-lives, while documents in slow-aging disciplines need much more time to be cited. A fast citation pattern in the field of High Energy
Physics was observed in a study by Davidse and Van Raan 10 , in which the maximum citation peak for three important international research centres was located between the first and the third year following publication. As regards our study, Figure 2 shows the average number of citations received by documents according to different citation windows: 1, 2, 3 or 4 years following publication. Obviously, the average number of citations per document tends to grow in parallel to the width of the citation window. Interestingly, citation peaks are more clearly identified as the width of the citation window is broadened, although these peaks can be identified for narrow two-year windows. In this study, we use the three-year citation window since it is more sensitive than narrower windows allowing for the evaluation of quite recent results and we noted a good correlation between 3-year and 4-year citations (R ).
An upward trend over the years in the number of citations per document is observed for Spanish output on neutron scattering and becomes ever more evident as the citation window is expanded.
Therefore, not only are the articles published in journals with higher impact, but they also receive, on average, a higher number of citations ( Figure 2 ). (Figure 3) . In each area, publications on neutron scattering tend to be published in journals with a better impact factor than the average Spanish production (RIF>1). It is interesting to remark that the trend to receive more citations than the average Spanish output is observed in the four subject areas shown in table 3. Given the heterogeneous nature of these areas which cover various disciplines with differences in their citation patterns, the analysis at the level of specific categories can be especially timely. Neutron scattering research tends to be published in journals with higher impact than average Spanish scientific papers in most of the ten most productive disciplines (RIF>1), whilst it receives more citations than the country's average in half of them (relative citation rate>1). Special attention deserves the high relative impact factor of Polymers and the high relative citations of Chemistry/Multidisciplinary.
d) Structural features: basic data on scientific collaboration
On average, the articles related with neutron scattering present around 5 authors and 3 research centres per document, with a slight upward trend over the years (table 4) . Note: collaboration rates total more than 100% as national and international collaboration can occur simultaneously in a given document.
Research in neutron scattering presents a high collaboration rate, especially in as far as international collaboration is concerned, which is clearly revealed when the collaboration profile in the area is compared with that of Spanish publications in Physics or in all scientific areas combined (figure 4a). Moreover, during the period 2000-2006, less than 14% of the documents in neutron scattering were carried out by a single institution, against 24% of the total Spanish production in Physics. As a whole, the field presents a slightly higher national collaboration rate than that of the country's average in Physics (40% vs. 34%), but the international collaboration rate is much higher (75% vs. 59%).
An increase in the percentage of documents in collaboration is observed throughout the reference period under study. As described above, the total number of documents shows a four-fold increase from 1990-92 to 2004-06, which is the same multiplier observed for the number of internationally co-authored documents (x4). Moreover, papers with national collaboration (two or more Spanish centres) display the highest increase (x8) with a large positive slope in the last 10 years (see Figure 4b ). This is a sign of the growth of the NS scientific community in the country which not only increases its size but also the relationship between its members and the development of networks that will favour the exchange of knowledge and the consolidation of the field. Growth in the number of documents without collaboration was lower (x3). Research in international collaboration presents some specific features, such as the higher number of authors and centres per document. Besides, all research fields are not equally internationalised.
Research in Physics is more likely to be carried out with international collaboration, whilst this is less frequent in Chemistry-related areas.
e) Internationalisation
In the period under study collaboration within the European Union clearly prevails (61%), although its relative contribution shows a slight decline over time due to the strengthening of links with other world regions (for instance with the United States, the contribution of which grows from 7% to 10%) (table 5). that of the following country. Attention must be paid to the fact that these major partners differ from those described in other areas of research. Table 6 The high affinity of Spain with specific countries is explained by the presence of special facilities for neutron scattering research in those nations. The main foreign centres which have collaborated with Spain in neutron scattering research are shown in Table 7 . Strong collaboration figures with the Institute Laue-Langevin (ILL) in Grenoble (France), which contributes to 36% of the Spanish production in neutron scattering are particularly noteworthy. Spain has been associated to the ILL for more than 20 years. Previous studies have shown positive effects of international collaboration on the impact of research, since documents with foreign partners tend to be published in more prestigious journals and are likely to receive more citations. These findings have been described in different areas and countries 13, 14 . In the case of the Spanish publications on neutron scattering, the expected and observed impact figures (impact factor, number of citations) are slightly higher for internationally co-authored documents, but the differences are not statistically significant (table 8) .
However, the benefits of international collaboration may differ depending on the partner. As we can see in table 8, the highest returns seem to emanate from collaboration with North America, since documents co-authored with this region obtain the highest impact: they are published in more prestigious journals (higher IF) and receive more citations than those conducted in collaboration with other countries or without international collaboration (p<0.05). 
f) Structural features: evolution of the collaboration networks between centres
Collaboration between centres is extremely important in the area, since only 17% of documents The number of nodes that conforms the network grew by a factor of three from one period to the other. In both periods two different components are identified and 58% of the nodes are connected.
The main component, which is organised around the ILL, includes 71% of the connected nodes in the first period, and 95% in the second one. Although the size of the network grows, its monocentric array based around the ILL remains in the most recent period (table 9). (table 10) .
With regard to the position of the nodes in the network, the centrality of the ILL is remarkable, since this node presents the highest centrality in the two periods when measured through any of the selected variables-degree, closeness and betweenness-. Among Spanish centres, the highest centrality corresponds in both periods to the Institute of Material Sciences-CSIC in Madrid. In recent years the centrality of some foreign centres declines (this does not apply to the ILL) due to the surge in relative values of some active Spanish centres.
The network maintains its monocentric layout in the second period, but new elements are included in the periphery which collaborates with some of the established actors. The degree and closeness centrality of the main centres of the network tend to decrease slightly, while their betweenness grows due to the emergence of new active centres in the periphery of the network. Due attention should be paid to the influence of geographical proximity in the establishment of links among nodes, causing centres located in the same region to be more likely to collaborate. (table 11 ). The US was the most productive country in the two periods (28% of world output in the subject), followed, in the first period, by France and Germany; and by Japan, France and Germany in the second one. The highest increase in number of publications corresponds to South Korea and China, the production of which has dramatically risen in all fields over the last years (see for example, National Science
Board 15
). Spain also shows a high growth rate, its contribution mounting from 1.5% to 3% of world output (from the 17 th to the 11 th place in the ranking of most productive countries). Moreover, it must be pointed out that Spain is the 2 nd most productive country among countries lacking a neutron source on national soil. Source: Web of Science (search in January 09). Citations since publication date till search date. a not included among the most productive countries in the second period b not included among the most productive countries in the first period c follow-up not possible due to changes over time concerning the legal status of the country
As regards the impact of publications, the distribution of countries according to the average number of citations received in the two periods under analysis is shown in figure 6 
Discussion and conclusions
The study of neutron scattering scientific output on the five dimensions proposed has proved useful to gain an in-sight into the state of development of the discipline in Spain. NS documents published by Spanish scientists during the past three decades show a positive growth both in quantity and international visibility. This is a dynamic internationally-oriented field, whose main findings are summarised below.
Fast-growing field
Neutron scattering research is a relatively young field in Spain, since very few publications from Spanish researchers were published before the 1990s. However, as described by Fernández-Barquín et al. 3 , pioneering researchers in the area were trained in foreign centres during the 1980s and their work was essential for the initial development of the field. .
Since the early 1990s until now, the growth rate of the field is higher than that of the overall Spanish scientific production during the same period. In fact, since the 1990s to the present date, Spain has improved its position in the world ranking by number of documents on neutron scattering research, from the 17 th to the 11 th place. Spain contribution to world output in neutron scattering is 3%, being this percentage similar to that described for the country's contribution to overall world output. 
Thematic diversity and openness
A moderate level of concentration of publications over a few disciplines is observed and tends to increase slightly over the years. However, documents are published in a wider range of different disciplines in the most recent years, so the thematic diversity of NS research has been growing . Accordingly, some disciplines include the "basic core" of research in NS, but these techniques are applied in the context of an increasing number of different disciplines and with different purposes. We have identified an increase in Chemistry-related research and a relative decline in Physics. Promoting the use of neutron scattering in disciplines other than Physics was a recommendation included in the last survey of the ENSA report commissioned by the ESF to evaluate different aspects of research in this field 16 . The broadening of the user base is deemed to be beneficial for scientific research but also for the development of industrial applications and for society at large. integration among European countries, thus favouring regional links against intercontinental ones.
Structure of the field

Research impact
Our study reveals an upward trend in the observed and expected impact of scientific production, since researchers tend to publish their papers in more prestigious journals and receive more citations in recent years. Furthermore, papers from Spanish scientists obtain an impact above world average in this field.
Although a higher impact has been described in literature for research developed in international collaboration (see for instance Bordons et al. ), but this was not the case in our study.
A possible explanation is that research in this field is highly dependent on international collaboration, whilst in other disciplines the latter is frequently limited to the most prestigious scientists or groups. Similarly, no higher impact in international collaboration was found either in a former study in Physics (Royle et al.
23
) where its authors pointed out that the decisive factor was not international collaboration itself, but the capacity of cooperating with well-connected agents (Tang and Shapira 24 ). In this sense, we must note the higher expected and observed impact identified for Spanish publications in collaboration with North American centres. This result strongly supports the case for encouraging these ties, which are weaker in this discipline than in other research fields.
Also small science?
Although neutron scattering research is highly dependent on special facilities, our data show that some research conducted in the area does not present the typical features of big science, such as international collaboration or an outstandingly high number of authors per document. It would seem that there is also some kind of "small science" being developed within this field in academic settings, which mainly corresponds to theoretical studies on 
